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4. POLLEN FROM PLAGGEN SOILS IN THE PROVINCE OF NORTH BRABANT,
THE NETHERLANDS
C.C. Bakels
Abstract
Plaggen soils are man-made arable soils. They are characterized
by thick A horizons, which owe their thickness to an age-long practice
of using manure containing a fair amount of mineral matter. Plaggen
soils abound in pollen, but the pollen spectra are difficult to
interpret. The reason for this is that the pollen sources are
interwoven to a high degree. It is, however, possible to trace some of
the origins of the matter of which the manure is composed and to
distinguish some of the crops grown. The dominance of rye cultivation
during the Middle Ages and later historic periods stands out clearly.
A.I Introduction
Plaggen soils are arable soils with an unusually thick A horizon
(Pape 1970). They are man-made. The thick A horizon is the result of
a special way of preparing manure.
To obtain as much manure as possible, the farmer keeps his animals
on a bedding composed mainly of turves cut from either heath or grass-
land. To this clean sand, fallen leaves collected from the forest and
dry ditches, and even straw - if not too expensive - may be added. The
farm animals drench this matter with their droppings. They are kept in
the stables for as long as possible, at least during the night. The
mixture of bedding and droppings can become quite thick in the course
of time. Therefore, the floor of the stables is deepened with respect
to the floor of the living quarters. Once or twice a year the manure
is removed. Later on loamy earth or more turves may be mixed in to
increase the amount of matter.
This way of preparing manure is best known from the sandy soils in
NW Europe. The product was used for fertilizing poor arable land. The
practice was common from the Middle Ages up till the beginning of the
20th century. Because the manure contains a fair amount of mineral
matter, which will never decay, the surface of the fields was raised.
Nowadays these fields form low mounds in the landscape. The soils in
question are called plaggen soils after the German word for turves:
Plaggen. The colour of these soils varies from black to brown.
Plaggen soils abound in pollen. Contrary to what one would expect
to encounter in dry sandy soils, which have, moreover, been ploughed
repeatedly, the pollen grains are beautifully preserved. The reason
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Fig. 4.1 The plaggen soil area in northwestern Europe (shaded) and the
location of the sites mentioned in the text. Drawing: IPL.
1. Borkel en Schaft. 2. Son en Breugel. 3. Oss.
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why is not quite clear but one point may be that the pH is less than 5.
The pH from the plaggen soils investigated for this paper ranges from
3.6 to A.3.
Out of curiosity I investigated the pollen content of three
plaggen soils in the Dutch province of North Brabant. Their location
within the NW European plaggen soil area is indicated in fig 4.1. The
samples were collected from the walls of trenches.
4.2 The pollen diagrams
The slides were prepared as usual when handling mineral matter.
The only difficulty encountered while drawing the diagrams was select-
ing a pollen sum. There is no clear difference between local and
regional pollen. The pollen in the plaggen soil has at least three
main sources. The first is the usual pollen rain which originates in
the near or more distant surroundings. The second is the crop grown on
the field together with its field weeds. The third source is the
manure and this is a most complicated source. It comprises pollen from
the bedding, i.e. turves, fallen leaves, straw, but it also contains
pollen from the droppings, i.e. from the food consumed by the stabled
animals. Some of this is illustrated in fig. 4.2. The actual vegeta-
tion contributes to the pollen record in more than one way. It is
therefore impossible to select a pollen sum, with the exception of the
total pollen sum. The three diagrams which follow were drawn on the
basis of this sum.
4.2.1 Borkel en Schaft
The plaggen soil from Borkel en Schaft is a so-called black
plaggen soil. It shows two horizons: an Aanp (anthropogenic A,
ploughed), which is the recent and subrecent ploughed horizon, and an
Aan2 beneath. The plaggen soil rests on a xero-podzol that developed
in coversand. Samples were taken from both the original soil profile
and the anthropogenic soil. The diagram is shown in fig. 4.3. Species
not mentioned are to be found in Table 4.1.
The original C and BC horizons do not contain pollen, but the B
and A horizons do. They are characterized by high values for Ericales
(mainly Calluna), Gramineae, Rumex acetosella and some Potentilla.
This assemblage must have belonged to the original vegetation, which
seems to have been a heath. This is in agreement with the presence of
a xero-podzol. The high values of Rumex acetosella imply that this
heath was disturbed to some extent. Trees play no role, even though
their pollen percentages are the highest of the whole diagram here.
The country was open, at least in the area of sampling. It is, of
course, very difficult to assess the extent of forest in more distant
areas from this type of sample.
The B horizon already shows pollen types which belong to
cultivated species. These could have made their way down from the
first fields above in a natural way, but this is not the only
possibility. The trenches showed neat rows of spade-marks at the base
of the plaggen soil. The pollen grains may have been dug down,
37
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Fig. 4.2 Some of the possible ways in which pollen may find its way to
the arable land. A heap of turves and leaves next to the
farm house awaits use as bedding in the stable. Not shown
are the animals adding matter by means of their droppings.
The droppings contain pollen taken in with the food browsed
outside or eaten with the fodder distributed in the stable.
The resulting manure is carted onto the land where it adds
pollen to the local and regional pollen rain. Drawing: IPL.
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although these spade-marks were avoided during sampling. Anyhow, they
represent the first crops documented by pollen: Hordeum (listed under
Cerealia) with some Secale.
The Aan horizon itself must have been disturbed over and over
again by ploughing. Nevertheless, the pollen curves are not merely
straight lines. There is a striking difference between the Aan2 and
Aanp horizons, which can be explained by assuming that some of the
pollen in the Aanp horizon was ploughed into the soil whilst almost no
new mineral matter was added. The pollen content of this layer is
therefore a mixture of pollen which is the result of plaggen manuring
and pollen from another, later method of fertilization without or
almost without this kind of manure. From this point of view the Aan2
zone represents the original pollen assemblage in a plaggen soil
better.
One of the main sources of turves must have been the heath.
Ericales (Calluna with a little Erica) amount to no less than 30%. A
second source might have been grassland, but the Gramineae pollen could
also have come from Molinia growing on the heath. The third plant with
a rather high percentage is Rumex acetosella. This sheep sorrel might
have grown on disturbed patches on the heath, but another possibility
is that it was a field weed.
A second category of bedding is represented by the Monoletae
spores. Their origin lies either in the use of matter collected in
forests or dry ditches, or in the use of fern leaves. The percentage
is rather low, and so are the percentages of tree and shrub pollen
which we would expect to find if fallen leaves were indeed used. The
source was perhaps not very important, or, another possibility, the
pollen content of the leaf-mould was meagre. According to experiments
performed by Havinga (1984), pollen in leaf-mould decays within twelve
months.
A third category of bedding which turns up in the manure is
Sphagnum peat. It is known that dried, crumbled peat was also brought
into the stables.
The crop plants are represented by rye (Secale), other Cerealia
(barley with a few oats), buckwheat (Fagopyrum) and spurrey (Spergula
arvensis). Spurrey was an important crop plant. It was sown as fodder
and had the reputation of being especially good for dairy cattle. Of
course it is also a field weed.
In addition to the plants already mentioned, the Aanp also shows
maize (Zea) and hemp (Cannabis). There is a clear increase in buck-
wheat and in two other pollen types which might represent crops:
Cruciferae (rape-seed and the like) and Chenopodiaceae (beets). These
two may have been weeds, but in that case the Chenopodiaceae would
suggest, on ecological grounds, the cultivation of root crops.
Quite interesting is the behaviour of the cornflower (Centaurea
cyanus). It is often stated that cornflower is always found together
with rye. Here this is apparently not the case. It comes later in the
pollen record.
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Borkel en Schaft Son en Breugel Oss
A2 Al Aan2 Aanp B Aan4 Aan3 Aan2 Aanp B Aan3 Aan2 Aanp
Trees and shrubs
Carptnus + + + + + . .
Fraxinus + + + + +
Hedera -f . . . . . . .
Juglans . . . + . . . .
Ligustrun . . . + . . . .
Myrlca . + . + . . . .
Picea + + . + + . .
Prunus + . . + + . . .
Sambucus nlgra . . . . . . . .
Herbs
Artemisia + + +• + +
Campanula + . . . .
Cannabis + -f + . .
Caryophyllaceae + + * + + + * +
Centaurea jacea + -f . . .
Cerealia ( * + + - f + - f + + +
Cjrperaceae + + + + +
Eplloblu» . . . . . . . .
Fllipendula + + + + +
Genista-typa . . + . . .
Gentiana pneumonanthe + . . . .
Geranlaceae . . . . . + + +
Jaslone + . . . . . .
Llnum . . . . . . . .
+ . + + +
. . . . .
.
. . . . * .
.
.
+
•f +
+
+ + +
.
.
•f + -f + + +
+ +
+ * ' + + + +
•f . +
+ . +
.
.
.
•f + + +
.
+
Table 4.1 Pollen types not mentioned in the pollen diagrams. Types
mainly after Faegri and Iversen 1964.
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Borkel en Schaft Son en Breugel Oss
B A2 Al Aan2 Aanp B AanA Aan3 Aan2 Aanp B Aan3 Aan2 Aanp
Lotus corniculatus . . . . . . . .
Lysimachia-type . . . . +
Mentha-type + + +
Menyanthes . . . . + . .
Onobrychis-type . . . . . . . .
Plantago média . . + + t . * .
Poly go n un convolvulus • « + + + « • >
Polygonura persicaria-tp + + + + + + +
Potentilla + + + + . -f + +
Prunella-type . + . . . .
Radiola . . . . +
Rubiaceae + . + + . + + *
Rubus + + + . +
Rumex . + + . +
Spergularia + + . + +
Stachys-type . . . + . . . .
Succisa + + . + . . . .
Thalictrum . . . . . . . .
Trifolium-type -f . . + + + •(• +
Typha latifolla . . . . . . + .
Umbelliferae + + . + +
Urtica + + + + + ,
Vicia-type . . . . +
Viola arvensis . . . . . . . .
Zea . . . . + , . .
Ferns, club-mosses and scale-mosses
Anthoceros laevis . . . . + + + +
+ . .
.
.
+
4- + + + +
+ +
.
+ +
+
.
+ . . .
+
.
+
+ + + + + +
.
•f . +
.
+ . + -f +
+ + . . + +
+ . .
•f . . 4- + +
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Borkel en Schaft Son en Breugel Osa
B A2 Al Aan2 Aanp B Aan4 Aan3 Aan2 Aanp B Aan3 Aan2 Aanp
Lycopodium complanatura . . . . . . . + . + . . . .
Monoletae psilatae +• + + + . + •)• + + + + . + +
Polypodium . . . . . + + + + + . . + +
Rlccia . . . . . + + + + + + . + +
(* Secale and Zea excluded)
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Of all possible pollen sources which may have contributed to the
total pollen assemblage, the pollen rain itself remains obscure. Its
effect is masked by the other ones and even the boundary between the
sources mentioned above is not as clear as suggested. The animal
droppings must have played an important part. If cattle was fed on,
for instance, rye straw, the origin of some of the rye pollen will lie
in the droppings and not in the crop on the actual field sampled.
Likewise, the Calluna pollen in the manure not only originated in the
turves, but also in sheep droppings. The picture as a whole cannot be
unravelled as much as we would like.
4.2.2 Son en Breugel
The plaggen soil of the "Hooidonksche Akkers" near Son en Breugel
is a so-called brown one. The original soil beneath is a moder podzol
in coversand. As in Borkel en Schaft, the buried C and BC horizons are
sterile. The B horizon contains pollen. The original A horizon has
vanished. Thin sections prepared by A. Jongerius at Wageningen show
that the B horizon got mixed with material from above, so that at least
part of its pollen comes from the Aan4 horizon. Nevertheless, several
types belong exclusively to the B horizon and are evidence of a former
vegetation (fig. 4.4). These are, to begin with, Polypodium and the
Monoletae psilatae. They could be the last remnants of a local forest.
Havinga (1984) has shown that Polypodium is very resistant to decay in
soils with high biological activity. The forest may have been
succeeded by a weed vegetation from which Plantago lanceolata,
Scleranthus and Polygonum aviculare have survived, but these three may
also have grown in the first fields. Most of the Secale must have been
mixed in with the matter introduced from above.
The man-made arable soil reveals four layers. These were
distinguished in the field on the basis of slight differences in
colour. The Aan4 is mixed with the A horizon of the original profile.
This was apparent both in the field and in the thin sections. The Aan3
horizon is more homogenous. According to the micromorphology, this
part of the Aan horizon has a large component of river loam. The Aan2
horizon is coarser in structure. All three layers contain fragments of
peaty material. The boundaries between the layers are not sharp. The
Aanp horizon on the contrary, stands out clearly. It is very
homogenous. Its matter is pulverized as a result of ploughing.
The Aan4, Aan3 and part of the Aan2 layers do not show much
difference in their pollen content. The most obvious changes are shown
by the curves of Ericales and Cruciferae. The Ericales (Calluna and
Erica) rise in the Aan4 and fall in the Aan3 and Aan2 horizons. The
decline is perhaps the result of a more intensive use of grass turves
cut in the valley of the nearby rivulet. The loam that adhered to the
grass roots could be the source of the loam found in, at least, the
Aan3 horizon. Anyhow, heath and heath turves played a less important
role in the Son en Breugel agriculture than in that of Borkel en
Schaft. The percentages of Ericales are much lower.
A second component of the bedding in the stables was peat. Its
use is demonstrated by both the Sphagnum spores and the fragments of
peat discovered in the thin sections.
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The increase in Cruciferae pollen towards the end of the
accumulation phase Aan4 to Aan2 is perhaps due to a growing importance
of crop plants belonging to this family. Other crop plants are rye
(Secale), dominant as usual, spurrey (Spergula), buckwheat (Fagopyrum)
and some barley and oats. It would appear that buckwheat and possibly
spurrey as well were not grown from the very beginning. Their curves
suggest a younger history for these crops in comparison with rye.
Centaurea cyanus appears later too.
As in Borkel en Schaft, the uppermost horizon, Aanp, is
characterized by different pollen spectra. The upper part of the Aan2
horizon closely resembles the Aanp layer. This part is thought to
belong to the Aanp horizon rather than to the actual Aan2 layer
described in the field. The overall thickness is 38cra which comes
fairly close to the thickness of the Aanp horizon in Borkel en Schaft:
35cm. The curves suggest a greater importance of buckwheat and root
crops (Chenopodiaceae) and a lesser use of Cruciferae. Grasses and
sheep sorrel may have been real pests. The presence of maize pollen
and clover (Trifolium) indicates the introduction of new crops.
An attempt has been made to date this plaggen soil by means of the
sherds found in it. The work was carried out by J. Assendorp with the
assistance of members of the amateur society AWN. They excavated part
of the plaggen soil and collected all sherds in layers 10cm thick. The
result is shown in fig. 4.5
The prehistoric sherds and those belonging to the Roman Period and
the 8-9th century were distributed mainly in the lower part of the Aan4
horizon. This was to be expected because they must have lain on the
original surface and this surface was included in the Aan4 horizon. Of
course many of the sherds had been dispersed in the profile by
ploughing.
The regular distribution of ceramics in the plaggen soil begins
with material attributed to the 10-11th century. The Aan4, Aan3 and
Aan2 horizons contain a mixture of sherds ranging from the 10th to the
15th century. The Aanp layer produced sherds from the 16th century
onwards. The difference between this horizon and the lower ones is as
clear as in the pollen diagram.
The sherds must have been disturbed by ploughing along with the
pollen grains and can therefore be used to date the pollen zones. This
means that the lower zone contains mainly pollen from a period before
the 10th century. The rye in the B horizon may therefore represent a
9th century crop. It is less probable that it originates from a Roman
or Iron Age crop, because this pollen must have lain at the surface or
near the surface for a long time and would have decayed before the
plaggen soil was formed.
The middle zone, with its dominant rye and its buckwheat, spurrey
and Cruciferae, dates back to the Middle Ages. The upper zone is
younger. There are marked differences between the middle and upper
zone. The sherds suggest that the accumulation of soil came to an end.
All the 16th century and later material may have been ploughed down
from the surface. If this is true, this means that this particular
patch of land was not fertilized with plaggen manure very much after
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the 15th century, which is in contrast with the general trends in North
Brabant. Up till now it has always been thought that the use of turves
continued until the 20th century. Investigations making use of written
sources may throw more light on this problem.
4.2.3 Oss-IJsselstraat
A third diagram was obtained from the plaggen soil in the
IJsselstraat in the town of Oss. The buried soil profile is a hydro-
podzol, which once again developed in coversand.
The C horizon was not sampled but in other samples taken on the
same location this horizon was found to be sterile. The B horizon is
present, but the A horizon has merged with the first plaggen soil.
Here again the difference between an Aan3 and an Aan2 horizon is merely
a question of a slight difference in colour. This layer is separated
from the Aanp horizon by a sharp line. As in the other diagrams, the
pollen zones correspond to the horizons outlined in the soil profile
(fig. A.6).
The buried B horizon is dominated by pollen of Gramineae and Rumex
acetosella. The grasses may be the representatives of a former local
grassland. Sheep sorrel is a pioneer of newly opened sandy soil and
may reflect the first reclamation of the land. Another possibility is
that the two accompanied the rye (Secale) which is also well
represented. As spade marks were discovered everywhere beneath the
plaggen soil cover, the rye may have been dug down. The alternative is
that this set of pollen got there by the more common, but still not
completely understood, processes which cause pollen to end up in the
lower horizons of a natural soil profile.
Unlike in the other two diagrams, buckwheat (Fagopyrum), spurrey
(Spergula), Cruciferae and Centaurea cyanus already occur in the B
horizon here. This suggests a younger date for the beginning of
agriculture on this particular patch of land. Perhaps the rather wet
conditions (gley in the subsoil) made this land less suitable for
cultivation in the Early Middle Ages.
The plaggen soil itself shows low values for Ericales. Heath
seems to have contributed little to the manure. Peat (Sphagnum spores)
was used, but the main source of the soil accumulation must have been
grass turves. This is not immediately apparent from the pollen values,
but can be inferred from the granular analysis of the soil. The con-
clusion of this analysis is that the mineral matter of which the
plaggen soil is composed is exactly the same as the original soil and
that the turves must have been cut from the same kind of terrain.
The Aanp horizon does not show the increase in Chenopodiaceae
pollen visible in the other diagrams. Maize was not discovered either.
Clover (Trifolium), however, shows an increase. In addition to this,
one grain of flax (Linum usitatissimum) was counted. The marked
increase in Gramineae can be attributed to an increase in the use of
grass turves as opposed to heather in the last phase of plaggen
manuring, but also to grassy weeds becoming more and more of a problem
or to a combination of the two.
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4.3 Conclusions
The problem of working with pollen from plaggen soils is not so
much the identification and counting of the pollen grains, but rather
the interpretation of the sources of the resulting spectra. The reason
for this is that the pollen sources are interwoven to a high degree.
The manure used on the fields has the same ultimate source as the local
and regional pollen rain. Even the crop plants do not stand out, as
the straw (containing pollen) and the plants grown for fodder were
eaten by the animals. Nevertheless, a few points can be made.
1. The diagrams confirm that the colour of the plaggen soil is derived
from the source of the turves used. According to current opinion,
the colour of the black type of plaggen soil is derived from turves
of heather. A brown plaggen soil is thought to be the result of
grassy turves cut in valleys. The black plaggen soil of Borkel en
Schaft indeed shows up to 30% Ericales whilst the brown plaggen
soils at Son en Breugel and Oss contain respectively 9% and 5%
Ericales at the most.
2. Rye dominates in the pollen spectra. This is in agreement with the
historic records, all of which mention rye as by far the most
important crop on sandy soils. In the Middle Ages rye was already
almost the sole cereal crop (Slicher van Bath 1963). Written
sources dating from the 19th century describe the crop rotation as
follows: first year rye, second year rye, third year buckwheat,
potatoes or something else. Spurrey was sown as an autumn crop
after the second year of rye. Other crops from stubble fields were
rape-seed, turnips and clover. A record from 1869 for the southern
and eastern parts of North Brabant gives a list of the crops grown.
The most important crops are given in Table 4.2 together with the
corresponding hectares (Table after Trienekens 1985).
Table 4.2 The main crops sown on sandy soils in the year 1869 and
their presence in the pollen record
hectares in pollen record
Rye 25525 +
Spurrey 13196 +
Potatoes 7190
Oats 6091
Buckwheat 5102 +
Turnips 3313
Carrots 1882
Clover 1584 +
Flax and linseed 1153
Rape-seed 616 +
present, — » rare - = absent
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If the plants mentioned in Table 4.2 are compared with the
pollen record preserved in the Aanp horizon of the plaggen soils,
which is thought to embrace the 19th century, it appears that some
crops are under-represented or not represented at all. These are
potatoes, carrots, oats and flax. The scarcity of Umbelliferae
pollen (carrots) can be explained by the fact that a good crop of
carrots does not flower. The same can be said of turnips, but
their pollen cannot be distinguished from rape-seed. Oat pollen is
present in every spectrum but there are few grains. Flax is only
present in one spectrum at Oss and potato pollen was not found at
all. On the other hand, hemp (Cannabis) is almost always over-
represented. In 1869 the plant covered only 9.5 ha.
The reason behind the under- and over-representation might lie
in the amount of pollen which the different species produce and
disperse. Rye and hemp are good scatterers of pollen. There is,
however, another possibility. As mentioned above, the grains of
the crop plants may not have fallen down from the crops on the
field, but may have got there in the manure. In that case plants
producing bedding material or fodder have an advantage over others.
It is known that spurrey and clover were grown for the animals. It
is also known that these were fed on straw.
3. Cornflower (Centaurea cyanus) is not a Siamese twin of rye, as has
been suggested in the past. The facts are in agreement with the
findings of Pals and van Geel (1976); cf. also Groenman van
Waateringe (this volume, figs. 5-6).
4. Rumex acetosella, sheep sorrel, is a common weed in rye fields.
Nevertheless, its pollen curves do not follow the curve of Secale,
but behave independently. Another source of sheep sorrel could be
patches of heath which were opened when turves were cut there.
Anyhow, in both cases the plant is associated with agricultural
practices. It is, therefore, not permissible to use the plant as
an indication of the presence and the extent of pasture in regions
with sandy soils, at least not in the Middle Ages and later
periods. This is in agreement with Behre's findings (Behre 1981).
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